groups of cells bound together by desmosomes and which form part of the epithelium lining the bronchopulmonary ducts. The cells have an irregular, columnar shape often with laterally placed microvilli and unspecialized cytoplasmic protrusions into the intercellular spaces. Their most distinctive cytoplasmic feature is the numerous dense cored vesicles (DCV) located towards the basal region of each cell. A variety of peptides and the monoamine serotonin are distributed within these DCV. Evidence has been shown for the occurrence of more than one type of DCV for the co-existence of various peptides and serotonin in the same DCV and for morphological and functional variations in cells forming a NEB. In some animals the apical pole is in direct contact with the lumen of the duct, whereas in others the NEB is isolated from the lumen by either ciliated epithelial or Clara-like cells. When the apical pole contacts the lumen, the surface of each cell bears microvilli and occasionally a single cilium. The NEB of eutherian mammals are sensitive to a number of experimental procedures including hypoxia, hypercapnia and vagal stimulation. Experimental lesions above and below the nodose ganglion have shown that the major part of the innervation is afferent with collateral branches off the afferent forming efferent, cholinergic endings. A small efferent input is also derived directly from the central nervous system. These studies suggest that a minor component of the efferent innervation is derived contralaterally or from intrapulmonary ganglia. In most species examined, a capillary plexus is present either beneath or surrounding the NEB. In view of their intraepithelial location, cytochemical features, innervation and vascular supply, the NEB are considered to be endocrine/paracrine pulmonary receptors. The essential features of NEB are similar in a variety of vertebrates encompassing amphibia, reptiles, birds and mammals. The essential histological features of these organoids is therefore presumed to have evolved within the ancestral Crossopterygian fish possibly as part of a vascular shunting mechanism in response to conditions of stress during the transition from gill to obligatory pulmonary respiration.
The neuroepithelial bodies, NEBs (LAUWERYNS and PEUSKENS, 1972) are small groups of cells which are included in and form part of the epithelium lining the bronchopulmonary ducts. The cells form discrete groups with a rich and complex innervation and are bound to each other by numerous desmosomes and to the adjacent epithelial cells by junctional complexes (ROGERS and HALLER, 1978; SCHEUERMANN et al., 1983) . The cytological and cytochemical characteristics of the individual cells are comparable to single, isolated cells distributed throughout the bronchopulmonary tree including the alveoli (CooK and KING, 1969; CUTZ and CONEN, 1970; JEFFERY and REID, 1973; WASANO and YAMAMOTO, 1978) . Attention was first drawn to these cells in the respiratory tract as a result of their lack of affinity for haematoxylin and eosin, a fact which increased the contrast between them and the surrounding, more heavily stained epithelium (FEYRTER, 1938) . Consequently the cells were termed clear cells or "helle Zellen".
A more precise description, using a variety of histological procedures and light microscopy, was provided in 1949 by FROHLICH (FROHLICH, 1949) . 397 Among the methods used in order to enhance the contrast of the cytoplasmic organelles and any specific inclusions were impregnation techniques using silver nitrate solutions. As a result it was observed that their most conspicuous and distinctive feature was numerous granules predominantly located in the basal region. Moreover, in many instances the granules were blackened after silver nitrate without the use of an exogenous reducer, a condition referred to as argentaffin (HAMPERL, 1952; LAUWER-YNS and PEUSKENS, 1972; SCHEUERMANN et al., 1983) . The NEBs were also argyrophilic as reduced silver was deposited in the general cytoplasm after treatment with silver nitrate followed by an exogenous reducing solution (HAMPERL, 1952; FEYRTER, 1954) . The latter technique revealed a further interesting aspect in that they were associated with nerve fibres which penetrated the epithelium (FROHLICH, 1949; LAUWERYNS and PEUSKENS, 1972) . Speculation as to the function of NEBs could now point to three facts: 1) their intraepithelial location; 2) their polarity with a basal granular cytoplasm and an apical pole projecting towards the lumen of the airways; and 3) their innervation. These observations suggested that the NEBs might have endocrine/paracrine rather than exocrine properties in response to chemosensory stimuli at the apical pole. As cells with similar staining characteristics and an affinity for silver ions indicative of the endogenous monoamine serotonin (ERSPAMER and ASERO, 1952; BARTER and PEARSE, 1953) . were identified in the gut and other tissues, the NEBs were included in the broader concept of a diffuse, neuroendocrine system despite the absence of any supportive information concerning their embryological or phylogenetic origins (BECCI et al., 1978; KEITH et al., 1981) . Subsequent studies (LA - UWERYNS and PEUSKENS, 1972; ROGERS and HALLER, 1978; SCHEUERMANN et al., 1983) however, using formaldehyde-induced fluorescence methods (FIF), have confirmed the earlier identification of serotonin as the endogenous reducing substance for NEBs.
Following this, work from the late 1930s to early 1970s employing a wide variety of microscopical and cytochemical techniques on a range of vertebrates has both confirmed and extended the earlier observations and inferences.
NEBs in eutherian mammals have been shown to occur on small mounds, in the hollow of pits and as part of the epithelium exhibiting no particular specialization (LAUWERYNS and PEUSKENS, 1972; CUTZ et al., 1978; PEARSALL et al., 1985) . Similar arrangements have been observed in metatherian mammals (HALLER, pers. comm.), monotremes (HALLER, pers.
comm.), birds (CooK and KING, 1969) , chelonians (SCHEUERMANN et al., 1983) , lepidosaurian and archosaurian reptiles (HALLER, pers. comm.) and amphibians (ROGERS and HALLER, 1978; WASANO and YAMAMOTO, 1978; MATSUMURA,1985) . The individual cells are irregularly columnar and in many but not all cases extend from the basement membrane to the lumen where the apical pole bears microvilli. Typically the NEBs are found in the more distal parts of the respiratory tract often at the bifurcations of the bronchioles, although they do occur in the bronchi and even in the alveoli (SCHEUERMANN, 1987) . Granules located in the basal region of the cells have been identified as dense cored vesicles (DCV) which are variable in shape, size (60-200 nm diameter) and electron density (BENSCH et al., 1965) . It has been suggested, and there is evidence, that this variability is related to the distribution of serotonin; it may also indicate stages in granule maturation, planes of section and distribution of peptides (LAUWERYNS et al., 1977) . Experimental studies of induced hypoxia and hypercapnia in neonatal rabbits (LAUWERYNS and COKELAERE, 1973; LAUWERYNS et al., 1977) revealed changes in the appearance and number of DCV coincident with evidence for exocytosis at the basal pole and a decrease in serotonin content.
A wide variety of other biologically active compounds such as acetylcholinesterase and peptides have now been identified in NEBs by a variety of techniques including immunocytochemistry. Among these substances are a gastrin-related peptide (GRP/ bombesin), calcitonin, calcitonin-gene-related peptide (CGRP), leu-enkephalin, somatostatin, chromogranin A, neuron-specific enolase, protein gene product and synaptophysin (WHARTON et al., 1981; CUTZ et al., 1981; DAYER et al., 1985; LAUWERYNS et al., 1987; LAUWERYS and VANRANST, 1988) .
It is still uncertain whether there are differences in the distribution of these substances either in cells of the same NEB (CUTZ et al., 1981) , different NEBs in the same animal (LAUWERYNS et al., 1987) or within different DCV as well as between species. The significance of these differences is difficult to assess at this stage. It has been proposed that it is a reflection of functional heterogeneity (HALE, 1974) . This proposal is supported by the observation that there are isolated neuroepithelial cells, each with different affinities for stains and each topographically related to different features such as capillaries, vascular circuits and strips of smooth muscle (SCHEUER-MANN, 1987) . Moreover, in at least one metatherian mammal species, the NEBs have never been observed in association with an extensive capillary network as seems to be the general case eutherians (HALLER, pers. comm.).
Nevertheless the sharing of common metabolic pathways and specific marker substances suggests that NEBs along with various elements of the APUD series (CUTZ and CONEN, 1970; HAGE,1973; LAUWER-YNS and PEUSKENS, 1972; PEARSE,1969; WASANO and YAMAMOTO, 1978) may profitably be included in the more comprehensive concept of paraneurons (FUJITA, 1977) . The NEBs of all vertebrates studied receive an extensive innervation from unmyelinated axons which either penetrate the subepithelial basement membrane or reside in close proximity not only to this membrane but also the underlying complex of capillaries (FEYRTER, 1938; HUNG et al., 1973; LA-UWERYNS et al., 1970) . Experiments on mammals and birds including electrical stimulation, loading with tritiated amino acids and lesions of the principal nerves have shown that these axons are derived from the vagus nerve (BOWER et al.,1978; LAWERYNS et al., 1987) . As the major portion of the intra-NEB innervation remains intact after unilateral, supranodosal vagotomy, it is considered to be functionally afferent (LAUWERYNS et al., 1985) . The nerve endings which degenerate are considered to be efferent in action. However as unilateral infranodosal vagotomy was also reported as leaving a minor part of the innervation within these bodies unaffected, this implies either a small contralateral or intrapulmonary contribution. If we consider the range of appearances observed in axon profiles throughout those species examined by transmission electronmicroscopy there are five recognizable types. The comparisons of electron microscope images of serial sections from both normal neonatal rabbits and from animals after experimental nerve lesions has revealed that spherical endings containing small, clear vesicles, which are considered to be efferent and possibly cholinergic, are produced as collaterals of axons derived from neurons in the nodose ganglion (LAUWERYNS et al., 1985) . The principal axons from which these collaterals diverge terminate as large, globose endings filled with mitochondria and glycogen granules. These terminals do not exhibit any membrane specializations and are thought to function as sensory afferents. There is also evidence that there is a second population of nerve endings distinguished by small, clear vesicles but which originate directly from cell bodies lying in the central nervous system.
Other authors (ROGERS and HALLER, 1978 ) using a different electron microscope regime have described, in an amphibian, axon varicosities with membrane specializations and accumulations of small, dense cored vesicles. These profiles are generally found only at or towards the base of the NEB. It has been presumed (SCHEUERMANN, 1987 ) that these represent efferent adrenergic junctions derive from FIF positive nerve fibres reported (LAUWERYNS and PEUS -KENS, 1972; HUNG, 1980) as present in the vicinity of NEBs.
Large, elongate axon profiles, often densely packed with vesicles of various sizes containing cores of varying electron density but not chromaffin positive have been observed in a turtle (SCHEUERMANN et al., 1983) and human foetus (STAHLMAN and GRAY, 1984) both within and immediately beneath the NEBs. Although there is no direct evidence that these profiles represent non adrenergic, non cholinergic axons (NANC), an immunopositive reaction for calcitonin has been observed in nerves immediately underlying the NEBs in a marsupial (HALLER, personal communication). In a lizard (Trachydosaurus rugosus) similar profiles are often observed in enlargements of the intercellular spaces, between the basal granular cells, invested by microvilli and unspecialized cellular processes (HALLER and ROGERS, unpublished) .
Finally, a nerve profile with the characteristics of a reciprocal synapse has been reported (ROGERS and HALLER, 1978) . This profile contains small, clear vesicles on the presynaptic aspect apposed to a membrane density on the adjacent neuroepithelial cell. Within 300nm of this synaptic zone membrane densities occur on the adjacent plasma membrane along with an accumulation of DCV in the cytoplasm of the neuroepithelial cell. The former synapse is considered to be functionally efferent (perhaps cholinergic), the latter as afferent. Similar nerve profiles have been observed in a lizard (T. rugosus) (HALLER and ROGERS, unpublished) .
Although not all the foregoing axon profiles have been reported in all species examined, this is due in part to differences in fixation and histochemical procedures as well as to species variation. Only very few adrenergic profiles are present in NEBs of a turtle (Pseudemys scripta elegans) (SCHEUERMANN et al., 1983) ; none have been observed in birds although fluorescent nerve fibres are adjacent to the neuroepithelial cells and there appears to be variation within mammals. Adrenergic profiles have not been reported in neonatal rabbits but are present in the human foetus (STAHLMAN and GRAY, 1984) and the bandicoot (HALLER, personal communication) .
Similarly NANC-profiles have been observed in a turtle (SCHEUERMANN et al., 1983), lizard (HALLER and ROGERS, unpublished) , marsupial (HALLER, pers. comm.) and human foetus (STAHLMAN and GRAY, 1984) but not in amphibians (ROGERS and HALLER, 1978; WASANO and YAMAMOTO, 1978; MATSUMURA, 1985) or rabbits (LAUWERYNS and PEUSKENS, 1972; LAUWERYNS et al., 1985; LAUWERYNS et al., 1987) .
Provided that the electron microscope procedures used do give images which can be identified as in the foregoing account, we can make two tentative interpretations. First, the impression is given that there has been a progressive decrease in the adrenergic component of the innervation from amphibian to mammal. Second, the reciprocal synapse of the amphibian has been modified during phylogeny towards the mammalian form of an afferent terminal with a collateral, cholinergic branch.
However, until experimental work similar to that on eutherian mammals has been extended to lower vertebrates, there is little opportunity to apply interpretations based on observations made on mammals to the electron-microscopic appearances observed in other vertebrates. The range of nerve profiles nevertheless highlights the potential for complex interactions between the innervation and the neuroepithelial cells.
Insufficient information of both a comparative and embryological nature precludes any reasonable attempt at interpreting the historical sequence of morphological and functional refinements leading to the complex NEB as seen in contemporary tetrapods. Comparative studies, although rather random and carried out by different electron microscope procedures, suggest that the essential histological features of the NEB were already established in the ancestral anamniotic tetrapod. These basic elements include the formation of a discrete group of cells capable of secreting vasoactive substances, this function being complemented by polarization of the cells with respect to an airway lumen and a vascular supply and controlled by an afferent/efferent innervation. If true, this suggests that the phylogenetic interval between the shift from gill to obligatory pulmonary respiration was so crucial that the fundamental features of the NEB were established during this period.
The results of embryological and early neonatal studies of mammals gives the impression that well differentiated, neuroepithelial cells and NEBs numerically peak around birth followed by a decline to the adult stage (MOOSARI et al., 1973; HUNG et al., 1979; CUTZ, 1982; PACK and WIDDICOMBE, 1984; REDICK and HUNG, 1984; STAHLMAN and GRAY, 1984; CUTZ et al., 1985) . During the early stages of human development a few of the first recognizable NEBs are associated with nerve fibres (STAHLMAN and GRAY, 1984) . Moreover the specific cells of these organoids already possess DCV, various peptides and serotonin (CUTZ et al., 1985; STAHLMAN et al., 1985) .
Although the developmental approach is no further advanced than comparative work, it is interesting to speculate on a possible implication derived from the results of these studies. As the early ontogenetic aspects of NEBs in eutherian mammals are comparable to those of the most primitive, living adult tetrapods, it raises the possibility that these organoids with their complex innervation and cytochemical features are modified representatives of an earlier, simpler vascular shunting mechanism which functioned during respiratory stress in Crossopterygian fish. A study of the dipnoan lung would be of some interest in this context, in view of the possible relationship of this group to early tetrapods (ROSEN et al., 1981) .
